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ABSTRACT

Parallel rays incident on a concave spherical
reflector ¢ross the axis after reflection. An
axial line source can be phased so as to ¢orrect
for the spherical aberration, thus allowing ab-
errationiess scanning of a penieil beam over at
least +30° in eny direction. The phasing of
the source varies frbm'end-fine'through broad-
side along its length. Tests made using such
feeds as open wavegu1de, horn, polyrod and
corrected slotted -and dipole line sources sup= -
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CORRECTION OF SPHERICAL, ABERRATION BY A PHA ASED LINE SOURCE* ¢

1. THEORY OF THE SPHERICAL REFLECTOR AND CORRECTED LINE SGUGRCE -~ =

i.1. INTRODUCTION

In contrast to certain optical systems which émploy a point source with a corrected
opticai system, this paper covers a iine Source so phased thai ii compleiely compensates

for the spherical aberration of the spherical reflector. <

“

It is not mecessary to point out that, if the line source problem is solved, we have a
perfect solution to the problem of scanning over a sizable solid angle without moving the

reflector.! ) ' ’

1 Figure 1(a) shows a section through the ¢enter C of such a system. Any ray AP parallel
to the line OC, which we shall consider to be the axis of the system, will, after reflection
at P, intersect the axis at point F’. By the principle of reversibility, a properly phased

line source FF' will reverse the rays, resulting in a plane wave.

: 8
5 7 EXTREME RAY

-\, NORMAL RAY

GENERAL RAY

R

60?‘\ \:\
=460 \
=45 \¢§\

(a) ) - _. . (b) ERU097

Fig. 1. Geometry of the spherical refiector.

. . &
eli‘lnuacript received 3 November '1650.

Conforence, vol. 5, Chicago, Iiiinois, 1950.

ICf. J. Ashmead and A, B: Pippard, “The Ule of Spherical Reflectore as Kicrowave Scanning As arials,?
JiXI.E.E. vol. 93, Part IIIA, p. 657 QP946) ir which is reported an attempt to use a moving conbina-
tion of lenses and horns to correct lpbnri;al aberration., Thie was abandoned in favor of 2 point
sosurcé illuminating a re-tricged portion of the sphere.

1&his papei appeared in substantiaily ite present fore in The Proceed!nga of the National Electronics




PR T A R Sy S P, e aae > e " B 5
R - .- e T e o e — o el ppgac v ey o = e — R
L L
e o «
R - . s
LD
‘70»\-
l <
5y = — e ==
F RO st 4 rend o I - - -
8 o
e TS A TIRET 0% A Wi AR A ey e T
1 2 A \:‘&Hanur M ot P S e R Ty

‘The triangle PF'C is isosceles since, according to the law of refléction, Zj = Ziend
£i = LYy, The distance CF' is (R/2)sec ¢ , which reduces, when y is zero; to CF = R/2 = f.
The distance FF' = z = f(secy = 1).

Consider that the line source starts at F and extends in the direction FF'. 'The phasing

should be such that the rays emerge at an angleé 2 Y with the axis where ¢ is given by

——— . B T )

secy = 1 + z/f. oo . : (1)
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Thus, a table of secants is sufficient for this information. A graphical value of Y is

obtained by observing the angle between a vertical line at F and the tangent F ‘D drawn from

F" to the circle with center C and rad:.us R/2 = f. The maximum value of FF' is FO at which

point ¥ = 60°. When z = (/2 - 1), ll' 45° and the rays egerge normal to the line _source.

Various special rays are illustrated in Fig, 1(b), in which the caustic surface, to whlgh
all rays are tangent, is also shown. -

1.3. PHASE ANALYSIS

-

The phase at any point may be obtained by noting the path errsr & between the rerf_l'ecte.i
ray APF' and the axial ray OOF, This is given by

& = AP + PF' - 0 - OF
R R
= R cos +- g7 sec Y =R -—3
,. JR ) - 3‘
= R(cosy - 1) +T(§gc Yy = 1) . B L (2)

By use of Eq. (1) this can be put in the form

: of | Fer)| ,
s = z[]; = f+fz] = - z[;-‘q_«z]! (3)

Note that & is approximated by =2(1 - z/f) when z is small, and .
by =z when z is still smaller. (See dashed lines, Fig. 2.) i

This is shown in Fig. 2.
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. ! 1.4. RELATIONSHIP BETWEEN APERTURE AND LENGTH OF LINE SOURCE .

3 Consider the distance of a portion of the reflector from the axis

r = Rsiny or siny = r/of . o (4)

Since cos Y = f/(f + z), we may write

2 ‘2 i .
L [a—f] ; [f{] =1 . @) ’

It follows °thqt'

z 2

, | % - (r/f)?

\t.[:
i

4 This is shown is Fig. 3. The gériee expangion for the function starts off as
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2. PHASE AND AMPLITUDE DISTREIBUTION ON THE LINE SOURCE
2.1. GENERAL REQUIREMENTS FOR PHASING.

The line source can be designed on the basis 6f Eqs (1) or {3), each of which requires
a non-constant phase gradient along the source. In terms of Eg. (1§, for example; the line
source must be such that it radiates at an angle 2y = 0 at z = 0, is broadside at
z/f = V3~ 1 and radiates at an angle 20 = 120°when z = f. In terms of Eq. (3) we
let : .

' 0 B
2fz 2f3 ~ no - -
8 = - 5 e r——— G ' e = B m— "»Bw
C P T4 f L(f+z)2 ’} 4 f a4 W ._

where A can. ha cghtiol lﬂA Bv ]noﬂ-nn
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Under these comhtmns, the illumiration on the sphere would he properly phased except

for the difference between Fresnel diffraction theory and geometnc optics. Actually,
there are so few wavelengths in any section of the line source that the illumination spreads
out by diffraction. In other words, the amplitude and phase at eaay point on the sphere is
2 Fresnel integration of contributions from the entire line soutce. To date, this integra-
tion has not been carried out. A still more rigorous soluuon, of course, would be the
solution of the electromagnetic boundary conditions.

In passing, it should be mention\ed that one way to improve upon a point source is to
use a short end-fire array, such as a polyrod, in the region near z = 0. It is possible

to estimate the length of an end-fire arrsy rhnr cen be uzed for z sole ;ablc phase error.

Let the greatest phase error be € = \/16. The phase shift along anr end-fire array is
a = =z (see Fig, 2). But the required phase is 3 = z = 2fz/(f + z), Now let § ~a = &,
Combiring and solving for z, we get the maximum length

4 = %(‘e + /€T + '8§‘f.) X ng/2- .

This means that at X-band an end-fire array in a reflector of 30-in¢h radius could extend
sbout 0.3 inch. Experimental tests with a polyrod verified the existence of an upper limit
at sbout this length. For lengths greater than 1.2 inches, the pattern deteriorated badly.

2.2. GENERAL REQUIREMENTS FOR ANMPLITUDE

The amplitude distribution along the line source can be detgmined directly on the basis

of Eq. (5). The projected area A of a spherical cdp on a plane normal to the axis is given

w <
A = 77"2 . ( 10)

The illumirated area of the spherical cap, projécted on this plane, will hereafter be called
the aperture. This is the plane shown in F1g 4(a).

Combining Eqs. (5) and (10) yields

1A,
47 3

+ (f . 2)2: 1 . (-1“3:)
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On differentiating, we obtain
il A
' a3, : - = o
; - = —=2L dz . 12 .
| P
= Lo 1}
i With the aid of Eq. {12), the intensity distributiocn on the line source can be related .f\'
' : to the desired intensity distribaticn across the aperture. If the approximations of geo- ;
T metric optics are used, concentric annular areas (one of which is represented by the shaded P
‘ , : . 3
| area in Fig, 4(a))are illuminated by each element of length dz. Assume the desired aperture b
j power distribution. to be Pepresented én polar coordinatées by E , g
@ _ (&) * z B
| A= [gg] Fi(r)F ,(0), LR ] "o
b "o % . booe
7 _ §-n"
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where r and O are as shown ':ithig'. &{a). Note that 7:"”'_6"5.{3' ¥ do not form the usual spheri-~
cdl coordmate system. One can select F, for optimum pattern characteristics while F, is
determined entu‘ely Ly the patterns of the individual elements of the line source (whether
continuoys or discrete) in the plane which passes through the element and is transverse to
the axis. Note that if F is a constant, a péncil beam with side lobes similar .in all
planes will result. However, F2 is not readily adjustable. For example,. w1‘t:h,d1p_9,,l_e,_:,s~ -

CO8’ gwgz cos &) T .
F-2(0) x "sin? @ 5 . o . Coe S

2

-—— = . e AR .

If we confine the discussion to radiating elements fed from a commen transmi;'s"sion' line,
then for dipoles a large portion of even this pattern will be shadowed by the transmission
lifie. The same will 'be triue for slots. This immediately indicates that it is désirable’ to
consider both sn illumination which 1s restricted to one side of the line socurce, and a

more symmetrical distributicn illuminating the whole cap.

Figures 4-6, along with elementary geometrical considerations, reveal the following:
If the illumination is on. both sides of the line source, then the optimum use of the re-

flector is obtained when the reflector is a hemispherical cap. In this instance, the total

angle of scan realizable is 180° - 2\,0‘,,@.x where 2¢'n’m_x i§ the angle subtended at the center

by that portion of the area of the hemisphere which is illuminated by the feed. If one
wishes to illuminate the maximim 'pos'sible‘ area, then 2l'bm-ax is 120° and.the total ‘scanning,
angle is 60°. (This is the case illustrated in Fig. 5. ). A larger scan can be obtained by
cutting down the angular spread of the 1llum1nat1on if 241"“ is 60°, i.e., if the il-

lumination extends £ 30° on e1ther side of the source, then a 120° scan can be obtained

Now, as stated previously, the effective aperture of the .systéi for tne piitposé of determin-
ing beam width is the projection of the 1llummated area on a plane perpend1cular to the

axis of the s¥stem: hence, the effective length of aperture for 1llummat1on on. both s1des

of the source is ZR sin ¥ mage At the same time; the pro_]ected aperture length of the

entire refleétor (the illuminated portion plus dead space) is 2R, and the ratio of &f-
fective aperture length to the total length i 1s (R sin ¢‘ .,“)/23 = sin v

ia: max’

If the illumination is on .only one side of the line source {(Fig. 6) and covers an aﬁgie
Y maxr the reflector can be cut down to subtend an angle 180° = nax Without decr,ed_s_ing
the scanning range, and the total angle of scan realizable is again 180° = 2 ¢ max' Ihe
effactive aperture length is now R sin Y maxs Just half what it was with the illumination

on both sides of the feed. The total available projected aperture length (including dead
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space) is 2R cos{y max’2).  The ratic of effective aperture length to total length is
sin(y m“/2,). ' ' '
If we assign a figure of merit on the basis. of these ratios of effectlve to total ;
available aperture for ‘the two types of illumination, the ratio of the figures of merit is ;
2 cos(y m“/2) in favor of the first type. Thus, in all ¢tases, for a given sc¢an, illumina- %
tion on both sides of the feed makes more: effect;nre use of the reflector area by involving !
less dead space. This, of ¢ourse, presupposes that this type of illumination can be secured *
without making the line source unduly complicated. A method of doing this is described
briefly at the efid of this paper. )
If we return now to Eq. (13), and assume F, and F, to be independent, integrat@on gives T
dD ’ 2" B — . '
P = l:;ﬂ] rF;,(r)r dr| F,(0)d6 . . (14)
l'Q'I'GO Jo ) 0 . ° . i
p
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'ZHJ The..second._integral yields oaly a multiplicative _constant. which we_shall call C.. . Conse-. e e
-1 3 i
quently, the mathematics which follows w1ll apply to both the off-axis and the sy'mmtncal o
] ——— - P
] types of illumination, —
k| Combining Eqs. (1) and (4), we have ‘o
1 r = RV1- (@47 - 2
I ; s
1§ From Egs. (10) end (12)
i o . —— e SO -
in r.dr _ Af . .
it dz = A +zH° '-
. ' R - - —~ - —-:—i
T Then, from the above, g - T .
1
to p = dz (15) .
J( . :
-‘f; fj! 8 B
F N 2 :
3 _;I Hence, ‘ — . R
1§ A ' ° ;
T dpP F,(2) o o 17
H I e =E — .
i zé dz 4BC (1 + z/f)a f . . (16) L
.
b -
Ty Here, dP is the power radiated per length dz of line source. The constant B represents )
f j [dP?dA] , 6p? and is determlned -entirely by the input excitation level of the feeding trans-
, #
L mission hne. Hence B and C can be combined to form one canstant D. ° -
¢ .
: E, Now let P, be the power level at an arbitrary point z on the transmission line. Then? -
|
§ 0t . - . o
. }é dpz - = W_é_(z;)dz ’ (17) , S
o oL .
D " ?
j whete ¢(z) is dP/dz as just derived, and W is a normalization factor relating the power in " g
RS the transmission line to the power radiated. If we let the 1nput power to the 1ine be 1, 4
.! ﬂ‘ .
P ] \
ﬁi ' P, =1 - Wf Hz)dz . _ (18) . .
: 0 é
. i
2cf. Randal McG. Robertson, "Var iable Width Waveguide Scanners for Eagle (AN/APQ-7) and GCA (AN/MPN-!), 4‘ :
Radiation Laboratory Report Né. 840, Massachusetts Institute of Technoloizy, Cambr idge, Mass., 1946. o
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. mension of the guide (constriction loading).

Finally, if g is the power to

[P S VP S

_be gielivered to the maf.che_d load* at th(_e end of the array,

t;ixe’n

._1-g
W ==

f Hz)dz

0

(19)

where L is the total length of the array. Then, the coupling coefficient for a unit 1engtﬁ
is _
dP

; We H2)
K(z) =7

P

(20)

-

e,

One convenient way of illuminating only ore-half of the spherical cap is to use radi-

ators on a rectangular waveguide that is so loaded as to give the requitred phasing. The

BN

B | S -
¢

7 7r£&itit;}:°.? as has been indicated, can be slots or dipoles. The Ioa&ibg can be accomplished

in meny ways, €.g., by corrugations, by ridging, by dieiéétric or by varying the wide di-
The sources actually built used dielectric

and constriction loading.

As usual, for low side lobes the greatest intensity of illumination should bei' at the
center of the illuminated part of the reflector, which, for this type of feed, is now in the
top half of the spherical cap. This means that F, in Eq. (13) should be, say, sin (7r/r.),
With this kind of

feed, fortunately, transverse slots or dipoles produce a more or less symmetric illumination

where r_ represents the value of r at the extremity .of the aperture,

of the aperture in: both E- and H-planes because their own patterns fall off to zero along
their lengths. 7

2.3. TWO EXPERIMENTAL FEEDS

The two feeds about to be described were built on the above hypotheses, and weré designed
to feed a spherical cap of 30-inch radius. One is a dipole array in a constriction and poly-
styrene loaded waveguide, the other is a slot array in a polystyrene loaded guide. The
former extends to z/f = 0.414, thus illuminating 45° of the total possible 60°, and the
latter extends to z/f = 11/15, illumina“i:in_g, 54° of a possible 60°. These feeds are shown
in Fig. 7.

and

. ) y ) .
Since rezonant arraya are not readily adaptable te the requirements of a nonsconetant phase gradi-
ent, such aa ia neceasary here, travelling wav. arroyr must be uaed. These, of ccurse, require the
sbsorption of a certain samount of power at their termination.
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i3 3. THE DIELEGTRIC LOADED SLOT ARRAY
§§~ =
g & - -
. 3.1. GENERAL CONSIDERATIO?‘S CONCERNING SLOTS IN A WAVEGUIDE . o
= For the present purpose, slots cut in the narrow side of a rectangular guide were chosen; A
) this made milling much simpler,® since such slots must be extended onto the bfoad side to 9.
. reach resonant length. i
2 14
1
Slots of this type are shint-coupled to the guide. Their conductance increases from ¥
i\ - . g N . S . .. " o N
b zero with the angle of tilt (measured from the transverse direction). With these slots,
L] - - . N
! phase reversal ¢an be obtained by changing the sense of the angle. This allows a closer
. o . . . . T . e 4 . -
! spacing of the radiating elements to give a smooth variation in phase along the guide. The
tilting is a disadvantage, since it introduces cross-polarization components in addition to ;
[} «
3 . . . . . .
4 those inherent in the geometry of the system. However, even for a small sphere of the di- :
” mensions used in the experimental work for this paper, the amount of tilt per slot is not, \
'_:: 3y, m, Watson, The Physical Principles of Wave Guide Tranamission and Antenna Systems, Oxford; 1947.
\.\ €
i
4
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_in general, prohibitive; for larger radii the tilt would become smaller, .since.the_power_to.- —

be extracted per unit length becames smaller with increasing radius.

.

3,2. RELATION BETWEEN LOADING AND THE REQUIRED PHASE

ff’.'
The direction of radiation from a linear travelling wave slot array in a waveguide, with

b G R S )
o

phase reversal between alternate slots, is yiven in terms of the motation used here by the
formla

4 -

cos 29 = MA, + (N=1/2W/s, N = 0, £1,42 ceree ey

< e

where A v is the guide wavelength and s is the slot spacing. If, for a given A, ?\g and s,

more thdan ene N can be chosen to give a real value for cos 2 Y, then the array will have % E
principal maxima of radiation in more than one direction. Hence the paremeters must bé

our disposal two parameters, A, (which cen be controlled by guide loading) ard s. The pro-
cedure n6w is to compute the desired 2 Y for a given z on the arrey. For a given s, this ,
will define the value of K‘ necessary at the point z, andohgnce determine the loading at ﬂ .%-‘
that point.

chosen in such a way that 2 ¢ is unique. Once the operating wavelength is est, we have at ( .
t
t

3.3. DIELECTRIC LOADING ' )

The simplést types of dielectric loading are those in which a given fraction of the
guide is filled with a dielectric whose boundaries are parallel to the guide walls. If the

I

guide is to be slotted on the narrow side, complications are avoidéd by having the di- {
electric-to-air interface parallel to the narrow side, the dieléctric extending completely

from top to bottom of the guide. Then the slots will be backed either entirely by di-

electric or entirely: by air.

o

Vv

The theory of a rectangular waveguide partially filled with die'leci'._f’ic has been dis-
cussed by Pincherle* and Frank.® On the basis of this theory, a curve of A " vs thickiess

of dielectric was prepared for the case described above, using a dielectric constant of

P

2.50 (the measured value of € for the polystyrene used). By combining this curve with one =

drawn for )\’, vs z, as computed sbove, we arrive at an actual design curve of dielectric 5

thickness against distance down the line source.

1

4L. Pincherle, "Electromsgnetic Waves in Metal Tubes Filled Lougiiudinelly with Two Dielecteics,"
Phys. Rev. 66, 118130, (1944).

SN, H. Frank, "Waveguiéa Hdandbook, Section V, Dielectric Strustures in W;veguide:." Report T-9, Radie - . '
ation Laboratory, Nzzsachusétts Institute of Technology, Cambridge, Kass., 1942. 3
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3.4. . DESCRIPTLON .OF THE._ ARRAY. .

The possible range of A/A, at 3.3 cm, using polystyrene in standard X-band guide, is
from 0.692 to 1.406. Careful consideration of Eg. {21) shows that, with this limited range
of variation in combination with proper choice of slot spacing, a polystyrene loaded wave-

, guide array with constant phase gradient can be made to radiate in any given direction frgm
i 0° to 180° with only one principal maximum. Presumably, then, an array wiphﬂnon-unifofm
' : loading and non-uniform slot spacing, fed at both ends or ax‘some point between the ends,

could be made to radiate ovei the spread of angles represented by the variation of 2 Y from
©0? to 120°.

g

ar

- +
>

»

- e o —n 5 2_

-, v

Calculations based on the possible ranges of the parameters verify that this is so;

indeed, it turns out that the variation can be accomplished (except for a negligible 5° near

&

-

z = f) by using two constant slot spacings--one for the section of the line source on &ach

P S

gide of a single feed point. The arrengement of dielectric settled upon is shown in Fig. 8.

The feed point is at the point of maximum thickness of dielectric. The section from z = 0

A to z/f = 0.25 has a slot spacing of 0.384 inch. The other section has a slot spéding of

0.580 inch. Since each section constitutés a travelling wave array, matched loads ‘are used

—— e T

at the ends. The entire arrangement is made clear in Fig. 7 (center). The weveguide which
feeds power into the slotted guide is bifurcated by a septum which divides the power between

the two sections in the ratis reguired by the amplitude distributjon about to be discussed.

A screw inserted in the septated region proved sufficient to bring the two sections of the
feed into proper phase relationship.

e

P

°

e
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Fig. 8. Thicknéas of polystyrene lecading vs 2.




3..5. _REGULATIGN.OF.-AMPLIETUDE--

N SOV FE IO -

il

The fraction of power which should be extracted from the guide by each slot was com-__
puted according to Eq. (20) to give a sinusoidal distribution of intensity on the energized
portion of the reflector. It remained to express this information in terms of slot param-
eters. 'This had to be done empirically, since slot conductance for transverse slots; vhere
mutual coupling is very high, iz a function not only of free space wavelength and angle of !
tilt but also of the thickness of the die‘leétx_‘ic; loading and of the spacing between the
slots. In addition, the resonant length of the slots is not the seme for loaded guide as

1t 1s for empty guide. _An expression for slot conductance as. a ftmcnm.of_dmlectmc_thmh

R s b g St o St IR W | bt

B8

ness was derived on the basis that slot conductance 1s proportional to the square of the
current density in the side wall of the guide. It is plotted in Fig. 9. 'Hns expression is.
only quahtanvely correct since, perforce, it 1gnores mutual couplmg. But it does indi-
cate that, for dielectric thickness up to over half the width of the guide, the conductance
of slots on the dielectric side is incréased over that in empty guide, the maximum increase
occurring when the dielectric thickness is about one-fourth of the guide width. After that
point, the relative conductance decreases to a va}ue about 6ne.-ha‘lf that of empty guide.
The reverse happens for slots on the air side. ‘These indications were borne out experi-
mentally. , ‘ _ .‘ ‘ ‘ o N ‘

K -

Since, on the average, the thickness of the dielectric (see Fig. 8) is less than half
the width of the guide, the slots were located on the dielectric side. This gave the ad-
vantage of increased conductance, so that it was possible to base the 'coxnputat_ions on a
total loss of 10% in the imatched loads. The measured loss was 14% %.

g

4. THE DIPOLE ARRAY

e

4.1. GENERAL CONSIDERATIONS ‘ B °

=]

In a uniform traveiling wave array with similar radxatmg elements suffzclently clﬁSc
together, the angle of the principal maxuwn is g:.ven by (ef. Eq (21)) o

) _ Ceos 2y T NN, L 7 L @
In a rectangular guide operating in the TE, , mode

z -3

MA = Vo= e+ B, (23)

i
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P where €_ ig-the.relative.dielectric-constant, —a-ie_the~suide-width-and-fB-represents-tho——o———z—=g

. o - . - . ; st
' effect of the dipole loading on the phase velocity. For an array of rescnant dipoles 8 is

& presumed small; it is, however; appréciable for the large couplings used. By ray or path S

- .9

length analysis, as carried out before, the required phase velocity along the line soarce ok

.o

. is found to be given by the following functicns:

1 - A _ d8z) _ 2f* B -
WWe s =% =" d © 1 - —('f“{:';;r . (24). s
P i 5 . . 2 (":y §
0 Combining Eqs. (23) and (24) and vsing €, = 1 and 8= 0 yields an explicit zelation for | .1
, guide width as a function of z: o , , o
; : 1
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4.2. DESCRIPTION OF THE DIPOLE ARRAY I :,;f'_.,é
e = s o = T T = 2 =S =35 i ° g
To obtain the needed phase characteristics, X-band guide (A = 3.3 cm) was loaded by 2
varying a according to Eq. (25). This equation is plotted in Fig. 10. In order to obtain ;
the proper phasing iu the region near z ¥ Q¢ it was necessary to load the first por+im" of -
the lme source (up to z/f = 0. 87) with polystyrene (see F1g. 11). e S
T T T B2
. B g i i ) i ..
4 o —H— et
- \ ] i 2 -l ‘ i g ‘
. I - g l-..-L e _ ) 2 ]
' \ - A 2'(' '|(|+-Z- ' ' ~ :
- e g b e R, R A : i -F
oS o == ‘~ i o ] . | ' {‘,_ o
N \I T o = : 0 - - — N ot , — - - ’ 2 'auc::
a = \ - ) 2 1
)\ » . B,
\,, —t— S ) 9_:_
\
- q 3
\ . \ L s
s : ’.
L { | : 4 ..
______ N + P : / A =
\ ' . J ; | 1 n‘;
N ; < i -
b ) B i
5 \\\ IR |
e 2 T3 =& 3 & 7 5 < =10
__Z_ s
f £all0S =< 1
Fig. 10. Wave guide width vs Z. Ao
I . ‘ e
Dipoles on a line 0.52 inch from the straight edge of the guide were placed transverse : .
to the line source and spaced so that each dipole illuminated eqiial areas of the 45° aper- : e
ture. The equation for detefmining this spacing is L
. s{ .
. RQ +z/f) . ° .
it . -1, - (26) v
fo RT- 400+ 2 /f)2 _ b
_ g ) !
i 4
i
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= vhere. z,..and 2z _rspresent_successive_locations.on.the. line source. Thig spacing.was also .
) near optimum for achieving best directivity for each section of the array.® Probe settings
"é 3 3 3 I3 13 L3 . 3
, vere edjusted to approximate a sinusoidal power distribution across the aperture. {(See Figs.
1 12, and 13.) ’
0.’.\§\. -
¥ == - A _2f .
] C(frzy
it | — ™~ ; M o
1 T~ | N T
f; W ' S X ! A=33 cm
) (inches) - I~ - ¢ 2,86,
& |.2 IS ‘ =
)' ' \ . ,
& B B ) \\\ ] . f
' N - . - \
? n N hx"
,‘: ) . { ud 1
N o =l - - SO T = o o = i
e 0 15 30 45 60 .15 20 1.05 120 135 s
! ~—— Z{(inches) — ) ”
‘ ERIII06. A
e‘;...:; Fig. 11. Pelystyrene width vas z (dipole feed). 3
] ) E
' High mutual coupling between dipoles had to be tolerated in order to space the dipoles (
4 more closely together and hence reduce the amount of power extracted by each one. L
About one-tenth of the input power was absorbed in a matched resistance card on the -
end of the feeding guide. The final probe depth adjustments vere made -ex;‘,ex‘iméntall«y"by f N
: noting the effect of varying probe depths on the primary patterns (see Fig. 14). Without
. '63. ¥, King, H, R, Mimno; A. H. Wing, Transemission Lines, Anternas and Waveguidea, MeGraw-Hi1l Book
'ﬁ; Co., New York; 1945, - >
.
A° s
N
.:-'\.:
T —— s s —— -j'-f'*'.—'d. - Y - TR ‘:""'?'\ - 5 e




Tr‘

e oy e = < e = r

Ty

el

2T

R

¥

e

il

UNRRR 'Y .. - A

L‘any"mai:cmng' ‘device, “Che VSR Toskinginto T " T T T - B o
: .0] = - : -
the waveguide was less than 1.2. 3 ' N
- _ = ; .
L.
5. EXPERIMENTAL RESULTS 3 T .
5.1. TESTS ON THE LINE SOURCE — Z 2o+t
 The theoretical primary intensity pat- |o — —5— — E - e

tern ~that_shou~ld_bgf.gbi;aingdmfpgm“t;hg_‘l.ig;gw_ . - N N -

source when a pick-up liérn is rotated in )
the position of the spherical reflector is. Fig. 12. Radiated powér per dipole.
shown in Fig. 14, " This curve is computed

for sinusoidal illumination of the re-

flector and takes into account the di- - ) 7

rectivity pattern of the horn itself,
Represehtatlve expenmental data are shown 10

on the same figure. i T4+1 1117 N
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line sources was also measured by moving

DECIBELS*

3

a pick-up horn on the same circle. The 1 —

curves thus obtained indicated phase errors

chiefly in regions of low intensity. -

Fig. 15 is a sample of the experimental 0 345 6 1 )
J NUMBER OF DIPOLE—r -
da tas ) . cRilios

5.2. SECONDARY PATTERNS Fig. 13, Decibel drop along feed
o line per dipole. , '

The x‘.eflecto;‘ used for these experi=
ments had a radius of 30 inches and a total aperture of 54 inches. It is shown in Fig. 16.

o

In order to make Sure that the corrected line sources gave better results than simp‘le
horns, a series &f H-plane patteérns was taken, using horns of various sizes. The horn di-
mensions ranged, in small increments; from plain waveguide to an aperture of 6 1nches. The
lowest side lobes obtained were 18 db down; the marrowest beam width for that s1de 1obe
level was 3°. The narrowest beam width of all the patterns was 2.7° but in that case the
side lobes were 15 db down. 1In addition to the horng, a polyrod L.2 inches long in the
end of a waveguide was tried. The hlghest side lobes were 24.db down and the H-plane beam
width was 3%°.
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3 The results with the corrected line sources were as follows: the dipole array gavée .an: 1 .
H-plane beam width of 3% with 20-db side lobes, and an E-plane bzam width of 2.3% with 18«db
side lobes (Figs, 17 and 18). The slot array gave an H-plane beam width of 2° with 17-db ]
side lobes (Fig. 19). (The H-plane for the slots corresponds to the E-plane for the dipoles; %
. . = i ;
in this plane, illumination extended on both sides of the line soéurce, whereas in the othler 1
i plane it was on one side only.) The E-plane pattérn of the slot array was not measured be- :
cause it was known that the length of guide which feeds the line source would lie in a_re'gion' ?
of high intensity radiation and would spoil the E-plane pattern. This situation could be i
, remedied by making the feeding guide lie flush against the line source; the construction 1{ )
actually used had the advantage of speed in fdbrication for meeting & deadline, and the é o
2 H-plane pattern is considered sufficient to justify the assumptions on which the feed was ‘ g
> designed. i
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] - Tt will be noted that the side lobe levels obtam,i,uth _tiie_line.sources..are.-shout-.thecm R
same as those for the best horns, but that the beam widths are narrower. Since these feeds - %
were the first corrected line sources tried, and no attempt was made to improve the phasing :.’, Y
or the amplitiude distribution, it is not unreascénable to suppose that the patterns could be i ﬁ
substantially improved by taking into account such details as the phase shift introduced by t ~
v, &
o . $he loading =ffect of dipoles or slots on the travelling wave in the guide. However, the i
; 4
% unimproved. feeds are sufficient to vindicate the system. i, %
H ~ Z ]
i L
{

A very promising type of line source was made by using a continuously radlatmg chan: L _______L;__,_Iﬁ
nel’*® giide (Fig. 7, bottom). This conmsts ‘of a rectangular X-band guide with one of the '2 o
narfo% walls removed. The phase velocity was controlled by varying the width of the guide. j’z B
No.attempt was made to regulate the amplitude distribution; however, the theory.of the-chan- B .
nel guide would permit both phase velocity and rate of radiation to be controlled by simul- '1 : ;
taneously varying the width and the height of the guide: The chief advantages of this feed
are: (1) the radiation is effecuvely commg rom the bottom of the channel, which makes | X
it possible to place two channels back to back and illuninate both top and Vb,q‘t.t;nom of the -_0% )
spherical cap; {2) constfuction is mechanically simple. The first advantage is important c .
because analysis shows that a line source off-radius by a distance d effectively shadows a ; ad
region of area A’ = 7d?/3R4/3 rather than A =7d2 The use of two dipole or slot arrays . 3:;, -
back to back would result in one or both of them beisig sﬁbétaﬁti‘a__lly off-radius. e T

The secondary patterns (see Fig. 20) and phase data for the channel guide are better ;% '
than was expected from the approximdte design. The scanning possibility of a line source oi
on a spherical cap is .demonstrated by the patterns shown in the same figure. *o: 5

) ¢ ¢

There have been several other proposals for feeding a half-hemisphere. In 1948, F. J. 3
Zucker of the Antenna Laboratory; AFCRL, worked out surface shapes necessary to produce a “f’f 1
corrected lire source with (1) équi-phased radiators along a specially cirved surface, (2) ra- e °
diators along a corstant phase -gradient surface, and (3) a point source illuminating a. feed- o ‘ ;
ing reflector enclosed'in a pillbox. These methgds‘hfay_e. not been: tested experimentally. N ﬂ
They have appeared less fruitfil because of the size and inertia of the necessary .pillboxes 2 h
and reflectors. However, these shaped surfaces may have superior c¢irectivity prbpelltjes,. w i

e
7‘1. Rotm-n. "The Channel Guide Anterina," Proceedings of ihe. Nﬂtionnl Electronice Conferanée, vol, V, Q
Chicago, 1950. A moré complete treatment ds given by the same writer inm "The, Channe{ Guide Antenna,” gt
AFCRL Report E5054, Cambridge, Mass., January 1956.. . ?"'_ "
81nterim Engineering Report on Contract V33-038-ac-16520 (1 7380), 310-14, Antenna Laboératory, the ____g_,__,
Ohin State Univgrsity Research Foundwtion; pp. #+1 0 #+16, I Fevruary 1949, T SN
R
F-
SRS e, e T A @WTUILETA T
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Abstract: . .
A microwave rad:l.al line source for a aphencal reflector
_ con be phased to correct for spaerical aberration, thus allowing
aberrationless sconning of a pencil beam over at least £30°
in ony direction. This scanning renge is independent of-besm-

. "width. Pxperirental results are given.
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Abstract:
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width. Experimental results are given.
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